AMENDMENT AND RESPONSE UNDER 37 CFR § 1.111 

Serial Number: 10/615,201 
Filing Date: July 7, 2003 

Title: CARDIAC PACING USING ADJUSTABLE ATRIQ-VENTRICULAR DELAYS 

IN THE CLAIMS 

Please amend the claims as follows: 

1 . (Currently Amended) A method, comprising: 

sensing a first cardiac event from a cardiac cycle; 

determining a second cardiac event from the cardiac cycle that has an approximately 
constant timing relationship with respect to the first cardiac event; 

determining a first time interval between the first cardiac event and the second cardiac 
event; and 

delivering a pacing pulse for e nhancing to approximated optimize a cardiac performance 
parameter being a measure of systoUc performance using a delay time interval referenced to the 
first cardiac event and calculated from the first time interval between the first cardiac event and 
the second cardiac event by using a predetermined mathematical relationship ofthe first time 
interval to an approximately optimal delay time interval for optimizing the cardiac performance 
parameter . 

2. (Original) The method of claim 1, wherein determining a second cardiac event from the 
cardiac cycle that has an approximately constant timing relationship with respect to the first 
cardiac event includes determining a mechanical event that has an approximately constant timing 
relationship with respect to the first cardiac event. 

3. (Original) The method of claim 2, wherein: 

sensing a first cardiac event from a cardiac cycle includes sensing an atrial electrical 
event (P); and 

determining a mechanical event that has an approximately constant timing relationship 
with respect to the first cardiac event includes determining a mechanical event that has an 
approximately constant timing relationship with respect to the atrial electrical event (P). 

4. (Currently Amended) The method of claim 3, wherein delivering a pacing pulse far 
e nhancing to approximately optimize a cardiac performance parameter being a measure of 
systolic performance using a delay time interval referenced to the first cardiac event and 
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determined from the first time interval between the first cardiac event and the second cardiac 
event includes determining an atrio-ventricular delay (AVDc) for optimizing contractility. 



5. (Original) The method of claim 4, wherein determining an AVDc for optimizing 
contractility includes forming a model that maps a PY interval to the AVDc, wherein the PY 
interval represents a time interval between the atrial electrical event (P) and a ventricular 
mechanical event (Y). 

6. (Original) The method of claim 5, wherein Y indicates a beginning of ventricular 
contraction. 

7. (Original) The method of claim 5, further comprising measuring Y from ventricular 
pressure. 

8. (Original) The method of claim 5, further comprising measuring Y from wall motion. 

9. (Original) The method of claim 5, fiirther comprising measuring Y using an 
accelerometer. 

10. (Original) The method of claim 5, further comprising measuring Y using a phonogram. 

1 1 . (Withdrawn) The method of claim 3, wherein delivering a pacing pulse for enhancing 
systolic performance using a delay time interval determined from the first time interval between 
the first cardiac event and the second cardiac event includes determining an atrio-ventricular 

H^loA^ ( A Vrin'i fnr nntimiVino stroke volume, 

*• J V — • — ^/ V ' — «-» 

12. (Withdrawn) The method of claim 11, wherein determining a AVDs for optimizing 
stroke volume includes forming a model that maps a PX interval to the AVDs, wherein the PX 
interval represents a time interval between the atrial electrical event (P) and a left atrial systole 
peak event (X). 
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13. (Withdrawn) The method of claim 12, wherein the left atrial systole peak event (X) is 
measured by measuring LA pressure. 

14. (Withdrawn) The method of claim 12, wherein the left atrial systole peak event (X) is 
measured by measuring LV pressure. 

15. (Withdrawn) The method of claim 3, wherein delivering a pacing pulse for enhancing 
systolic performance using a delay time interval referenced to the first cardiac event and 
determined fi-om the first time interval between the first cardiac event and the second cardiac 
event includes determining an atrio-ventricular delay (AVDcs) for improved contractility and 
stroke volume. 

16. (Withdrawn) The method of claim 1, wherein determining a second cardiac event from 
the cardiac cycle that has an approximately constant timing relationship with respect to the first 
cardiac event includes determining an electrical event that has an approximately constant timing 
relationship with respect to the first cardiac event. 

17. (Withdrawn) The method of claim 16, wherein: 

sensing a first cardiac event from a cardiac cycle includes sensing an atrial electrical 
event (P); and 

determining an electrical event that has an approximately constant timing relationship 
with respect to the first cardiac event includes determining a ventricular electrical event (Z) that 
has an approximately constant timing relationship with respect to the atrial electrical event (P). 

1 8. (Withdrawn) The method of claim 17, wherein delivering a pacing pulse for enhancing 
systolic performance using a delay time interval referenced to the first cardiac event and 
determined from the first time interval between the first cardiac event and the second cardiac 
event includes determining an atrio-ventricular delay (AVDc) for optimizing contractility. 
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19. (Withdrawn) The method of claim 18, wherein determining an AVDc for optimizing 
contractility includes forming a model that maps a PQ* interval to the AVDc, wherein the PQ* 
interval represents a time interval between the atrial electrical event (P) and a beginning of a 
QRS complex (Q*). 

20. (Withdrawn) The method of claim 18, wherein determining an AVDc for optimizing 
contractihty includes forming a model that maps a PR interval to the AVDc, wherein the PR 
interval represents a time interval between the atrial electrical event (P) and a peak of ventricular 
depolarization (R). 

21 . (Withdrawn) The method of claim 1 7, wherein delivering a pacing pulse for enhancing 
systolic performance using a delay time interval referenced to the first cardiac event and 
determined from the first time interval between the first cardiac event and the second cardiac 
event includes determining an atrio-ventricular delay (AVDs) for optimizing stroke volume. 

22. (Currently Amended) The method of claim 1 , wherein the predetermined mathematical 
relationship is determined by: 

selecting a cardiac reference event which is used to time a pacing pulse and which repeats 
every cardiac cycle as the first cardiac event; 

selecting a cardiac systolic event that has a fixed time relationship with systole of each 
cardiac cycle as the second cardiac event; 

measuring the first time interval between the cardiac reference event and the cardiac 
systoUc event in an unpaced condition; 

ascertaining an optimal pacing delay between the reference event and the dehvery of a 
nfirina niilse for ontimizine a the cardiac nerformance parameter; 

collecting first time intervals and optimal pacing delays for a number of patients; and 

deriving a mathematical relationship between the first time intervals and the optimal 
pacing delays. 
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23. (Original) The method of claim 22, wherein the cardiac performance parameter includes 
contractility. 

24. (Original) The method of claim 22, wherein the cardiac performance parameter includes 
stroke volume. 

25. (Original) The method of claim 22, wherein selecting a cardiac reference event which is 
used to time a pacing pulse and which repeats every cardiac cycle includes selecting an electrical 
cardiac event that repeats every cycle. 

26. (Original) The method of claim 22, wherein selecting a cardiac reference event which is 
used to time a pacing pulse and which repeats every cardiac cycle includes selecting a 
mechanical cardiac event that repeats every cycle, 

27. (Original) The method of claim 22, wherein selecting a cardiac systolic event that has a 
fixed time relationship with systole of each cardiac cycle includes selecting an electrical cardiac 
event that has a fixed time relationship with systole of each cardiac cycle. 

28. (Original) The method of claim 22, wherein selecting a cardiac variable event that has a 
fixed time relationship with systole of each cardiac cycle includes selecting a mechanical cardiac 
event that has a fixed time relationship with systole of each cardiac cycle. 
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